Crystal structure of rat trypsin-S195C at -150 degrees C. Analysis of low activity of recombinant and semisynthetic thiol proteases.
The X-ray crystal structure of trypsin-S195C, a rat anionic trypsin mutant in which the active site serine has been replaced by cysteine, was determined at -150 degrees C and room temperature to 1.6 A resolution, R = 15.4% and 1.8 A resolution, R = 15.0%, respectively. Cryo-crystallography was employed to improve the quality of the diffraction data and the resulting structure by eliminating radiation damage and decreasing atomic thermal motion. The average temperature factor decreased by 10 A2 relative to that of the room temperature structure. No radiation-induced decay of the data was detected. The side-chains of the catalytic cysteine and histidine of trypsin-S195C are found with 25% occupancy in secondary orientations rotated 104 degrees and 90 degrees out of the active site, respectively. These alterations, as well as more subtle changes in the active site may be caused by the oxidation of the catalytic sulfur to sulfenic acid. The position of the carbonyl carbon of the tetrahedral intermediate analog, p-amidinophenylpyruvic acid, modeled into trypsin-S195C, is 1.1 A from the catalytic sulfur. The large size and altered approach of the catalytic sulfur to substrates could account for the observed low catalytic activity relative to wild-type trypsin. In addition to the benzamidine in the specificity pocket, two additional binding sites for benzamidine are characterized. One of these mediates an intermolecular contact that appears to maintain the crystal lattice.